Background: In total knee arthroplasty (TKA), there is still controversy surrounding the preferable prosthetic design and required amount of constraint. Indication for rotating hinge TKA includes primary and revision arthroplasty, with contradictory results. We present the first medium-to long-term results with the rotating hinge knee prosthesis RT-PLUS SOLUTION (Smith & Nephew Orthopaedics, Baar, Switzerland).
Introduction
As the number of primary total knee arthroplasties (TKAs) being performed continues to increase, orthopedic surgeons are faced with a growing number of difficult cases with severe deformity due to ligamentous instability and metaphyseal bone loss [1] .
Historically, such cases have been managed using hinge knee prostheses with a fixed axis to restore knee function and correct limb alignment [2] . Disappointing long-term results with high rates of aseptic and septic loosening prompted initiatives to further refine the design of these prostheses [3] . The rotating hinge total knee prosthesis was introduced in 1982 [4] . The additional rotation around the tibial axis is thought to reduce the shear stress around the bone-cement interface [5, 6] .
Several authors have investigated different types of rotating hinge implants, in some cases with controversial conclusions [7] [8] [9] [10] [11] . Up until today there is still controversy surrounding the preferable prosthetic design and required amount of constraint [12, 13] .
In this retrospective analysis we hypothesized that the use of the rotating hinge RT-PLUS SOLUTION knee implant (Smith & Nephew Orthopaedics AG, Baar, Switzerland) in primary and/or revision total knee arthroplasty would result in good clinical and radiological results. As far as the authors are aware, this is the first report on medium-to long-term results with this implant in the peerreviewed orthopaedic literature.
Materials and Methods
A retrospective, non-randomized, single centre, medium-to long-term observational study was conducted in an unselected, consecutive series of patients who had received the RT-PLUS SOLUTION rotating hinge knee. All 136 patients (146 prostheses), who had received this rotating hinge implant design between January 2003 and December 2012, were reviewed. Ethics committee approval was obtained prior to study commencement. Patients who refused to pro-vide informed consent were excluded, as were patients who did not receive the device of interest.
The RT-PLUS SOLUTION-type knee implant (Figure 1 ) is available in two versions: a standard monobloc version with an integrated stem for cemented implantation, and a modular version. In addition, both cemented stems, made from CoCrMo, and cementless Ti6Al4V stems are available. The modular stems are connected to the femoral and tibial components via a cone connection secured with screws. We used cemented stems exclusively. No offset stems were used. The decision to use a standard or modular system was always intraoperatively.
Patients who presented with severe malalignment (varus or valgus angles >18°), severe bone loss, ligamentous instability, and flexion contracture (>10°) were advised to undergo rotating hinge TKA.
In varus cases a medial parapatellar approach was used, while a lateral approach with release of the iliotibial band was employed in valgus patients. All operations were carried out by a single experienced surgeon (H.H.).
In 77 of the 146 cases the system was used as a primary implant; the percentage of primary TKAs that was performed with the current Page -02 ISSN: 2334 ISSN: -2846 rotating hinge design was approximately 3.5%. In the remaining 69 of the 146 cases the system was used as a revision implant. The average age ± standard deviation (SD) of the population at the time of operation was 76.3±10.4 years, and 88 patients (64.7%) were female.
Each patient was contacted by telephone and invited for followup assessment. Minimal implant data was acquired from patients who refused or were unable to attend the follow-up appointment in our clinic, including for those who had ceased during the course of the study. Implant status data was obtained either directly from the patient or from a patient's relative, his/her general practitioner, or home care nursery.
The Knee Society Clinical Score (K-KSS) and Knee Society Function Score (F-KSS) [14] , alongside the Hospital for Special Surgery Score (HSS) [15] were recorded for the clinical evaluation. The range of motion of the knee was recorded in all cases with a goniometer. The subjective assessment employed the visual analogue scale for pain (level 1: least pain, level 10: maximum pain) and the general satisfaction assessment of activities of daily living (1: very satisfied, 2: satisfied, 3: moderately satisfied, 4: dissatisfied).
Radiographic follow-up was carried out in all patients who attended follow-up. Anterior-posterior and lateral views were recorded, as well as a full-leg standing x-ray. The radiological assessment was based on the occurrence of radiolucent lines, signs of loosening and implants migration.
Continuous data are presented as the mean and range. Categorical variables are presented as frequencies and percentages. Implant survivorship was calculated using Kaplan-Meier analysis [16] , with revision for any reason and revision for aseptic loosening as endpoints of interest. Kaplan-Meier analysis was performed with patients for whom the revision status was known. Only patients who were lost to follow-up were excluded. Sample size estimation was based on a hypothesized revision rate of 15% at 10-year follow-up, although we hypothesized that a survival rate of at least 95% can reasonably be expected. Based on an algorithm defined by Lawless [17] , and setting α at 0.05 and β at 0.2, it was estimated that the study would require a population of 96 knees at 10-year follow-up. Under the assumption of approximately 50% censoring, a baseline study population of ≈145 knees would therefore be required. STATA 12.1 (StataCorp, College Station, TX, USA) was used for the statistical analysis.
Results
Radiographic and clinical follow-up was carried out in 62 patients (62 knees), with an average follow-up period of 6.8±2.2 years (range, 2.8-11.7 years). In all, 74 patients (84 knees) did not attend the followup: 3 patients (4 knees) due to a (partial) revision of the implant, 14 patients (16 knees) had died by the date of the last follow-up appointment, 42 patients (48 knees) could not be examined due to multimorbidity, 13 patients (14 knees) did not give their consent to participate in the study, and 2 patients (2 knees) were recorded as lost to follow-up ( Table 1) .
The 62 patients who were followed up comprised 15 men and 47 women. The average age at the time of follow-up was 74.1±9.9 years, average BMI was 30.2±5.2 kg/m 2 . In 28 of the 62 cases the system had been used as a primary implant: in 18 cases due to a varus deformity, in 6 cases due to a valgus deformity and in 4 cases due to instability. In the other 34 cases the system had been employed as a revision implant: in 5 cases due to an infection, in 16 cases due to loosening, in 1 case due to a periprosthetic fracture, in 7 cases after instability and in 5 cases due to malfunctioning of the primary implant.
In the whole population of 146 prostheses, device removal was required in two primary cases and two revision cases. In two cases an aseptically loosened tibial component had to be replaced, while in another case only the femoral component needed to be revised. One prosthesis had to be removed due to sepsis. Thus, the cumulative survival rate for the system, with revision for any reason as endpoint of interest, was 99.2% (95% confidence interval (CI), 94.5%-99.9%) after 5 years, and 89.4% (95% CI, 68.8%-96.7%) after 10 years (Figure 2 ). For the endpoint of revision due to aseptic loosening, the cumulative survival rate was 99.2% (95% CI, 94.5%-99.9%) after 5 years, and 90.9% (95% CI, 68.7%-97.6%) after 10 years.
Of the 62 patients (62 knees) who returned to the hospital for a follow-up assessment of the knee, range of motion was 117.5°±16.9°. The K-KSS was 89.2±12.6, the F-KSS 75.2±27.3, and the HSS was 86.6±13.1. With a score of 1.6±0.8, all examined patients stated that they were very satisfied or satisfied with the implanted knee prosthesis, with a mean pain score of 1.7±2.0 on the visual analogue scale for pain.
No radiological signs of loosening or implant migration were found in any patient (Figure 3 ), although in 36 knees (58.1%) asymptomatic radiolucent lines were observed. Of those, 14 (22.6%) involved the femoral component and 22 (35.5%) the tibial component. None of the radiolucent lines was continuous, and all the lines measured less than 1.5 mm in width. They were also all clinically asymptomatic and without any therapeutic consequences at the time of follow-up.
Discussion
There has been an increasing interest in the use of rotating hinge knee prostheses. With the growing incidence of osteoarthritis of the knee and the increasing incidence of patients presenting with severe deformities or bone defects situations, rotating hinge implants are thought to play an increasingly important role. However, there is paucity and variation in available data regarding both indications for use as clinical outcome for this type of knee implant. On the whole there appears to be no unanimity on the indications for their use. Some authors view them solely as revision prostheses and less as prostheses for primary implantation [18] [19] [20] , one article referring, by way of explanation, to an increased risk of loosening compared to unhinged implants [18] . Agreement does exist however concerning the indications for major bone defects and gross ligament instability, as well as large varus and valgus deformities [7, 19, 21] . Only a few articles to date reported long term follow-up, and the numbers of cases involved are usually small. As a result, scant meaningful data are currently available from reliable long-term observational studies.
As regards implant failure, one case of septic loosening and three cases of aseptic loosening leading to revision of the implanted prostheses were observed in our study. This corresponds to a 10-year implant survival rate of 89.4%. The literature describes varying failure rates for rotating hinge systems [8, 18, 19, 22, 23] . Müller et al. used the same knee system for primary procedures and found a cumulative survival rate of 92.9% after 5 years with revision for any reason as the end point [22] . In a cohort consisting of revision cases, Gudnason et al. observed a comparable 10-year survival rate of 89.2% due to aseptic loosening. When other revisions of the in-situ prosthesis are included, the survival rate was only 65.1% [8] . In primary cases, Bistolfi et al. reported a cumulative implant survival rate of 79.8% and 75.8% at 10 and 15 years, respectively [18] , while for revision cases a survival rate of 80.4% at 12.5 years was found [19] . Finally, Giurea et al. reported 89.4% survival at 2 years in a mixed cohort consisting of primary and revision cases [23] .
We rated the determined range of motion (117.5°±16.9°) as very good. This is in accordance with the literature and is reflected in the high level of patient satisfaction and low pain scores (VAS) [20, 24] . With regard to clinical outcome after rotating hinge knee arthroplasty, it must be borne in mind that, in general, functional outcome will be lower compared with outcome after primary TKA, as results of the comparably older age of the population, alongside the comorbidity status of this patient group. In our view this enhances the results of the current study.
There are several limitations to our study. All of the procedures were performed by a single surgeon in a single institution. Consequently, the findings are not readily generalizable. The average follow-up period of this retrospective study was relatively short, and no control group was employed for this study. In addition, the study results are potentially limited by the small sample sizes and the heterogeneity in our series in terms of indication for surgery. Moreover, a large proportion of patients were not available for the clinical and radiological follow-up. The attrition rate was higher than anticipated, which is thought to be due to the relatively high age of the study population, alongside the large proportion of patients with significant comorbidities. However, the lost to follow-up rate of two patients was not unduly large. We did not evaluate patient reported outcome measures such as WOMAC (Western Ontario and McMaster Universities Osteoarthritis Index); this is obviously another important aspect to consider for future research since restoration of physical activity is an important surgical objective.
If knee stability cannot be achieved with normal surface replacement, the use of rotating hinge knee prosthesis is justified [26] [27] [28] . We agree with Pour et al. and with Springer et al. who refer to the potential for serious complications associated with hinged implants, but who do not believe that rotating knee implants are used too frequently [12, 29] . Careful patient selection and meticulous implantation technique are preconditions for the postoperative satisfaction of patients and for a good postoperative result. To verify the clinical outcome, prospective long-term studies comparing modern-generation rotating hinge designs with implants of varying degrees of constraint are warranted.
This current study reports clinical and radiological medium to long-term results in a fairly large number of patients with RT-PLUS SOLUTION rotating hinge knee implants. The results indicate a good postoperative result. The revision rate was favourable, given the difficult patient population involved. Good clinical results were also recorded. This was reflected in the good range of motion, high level of patient satisfaction and low pain scores.
